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ABSTRACT 
The world health organization (WHO) estiriiatfes'that depressive 
and anxiety disorder lead the list of mental illness across the globe and 
these disorders are responsible for approximately 25% of all visits to 
health care centers around the world. Anxiety and depression are 
common psychiatry ilbiess often associated with stressfiil events. 
Because of their putative construct validity with respect to human mood 
disorders, animal validity that involve chronic stress are particularly 
appropriate for emulating anxiety and depression. Animal models are 
frequently used to determine the underlying mechanism and 
pharmacological treatment for psychiatric disorders. 
Stress is typically implicated either in the etiology of depressive 
and anxiety disorder or as its consequence. Clinical studies suggest that 
anxiety is not only accompanied by symptoms of depression but may be 
an expected precursor syndrome in the development of at least some 
forms of depression. 
Evidence from human and animal studies reveal a vital link 
between individual stress sensitivity and the predisposition towards 
 
 
 
 
 
  
 
 
 
mood disorder. While the stress response is essential for maintenance of 
homeostasis and survival, chronic stress and maladaptive response to 
stress insults can lead to depression or other affective disorders. 
The study described in this thesis, was undertaken to find out 
understand the mechanism behind effects of combined physical and 
psychological stress (restraint and forced swim) on mood disorders like 
anxiety and depression. An attempt was also made to study the 
implication on cognitive deficit and whether the histological changes in 
hippocampus or fi-ee radical generation in cerebral cortex is the cause for 
impairment of learning in rats. For the present study chronic mild form 
of stress (restraint and forced swim) has been applied to rats for 21 days 
and behavioral study was carried out to evaluate anxiety and depressive 
state. 
The stressed rats show less entry to the open arm and also spend 
less time in open arm zone. The sucrose preference test for the 
behavioral response indicates that sucrose intake decreases with time 
period of stress which reflects anhedonia and precipitation of mood 
disorder. The open field test shows decrease in exploratory behavior. 
 
 
 
 
 
  
 
 
 
The main distinguishing feature of depression is anhedonia, or a 
decreased interest or pleasure in nearly all activities. 
Barnes maze task for learning and memory was carried out which 
shows impairment of learning in stressed rats. It was observed that drive 
to explore or find an escape for an aversive stimuli was effected 
following chronic mild stress. The decrease in locomotor activity and 
impairment of learning is due to biochemical or anatomical changes in 
cerebral cortex and hippocampus respectively. The histological changes 
in hippocampus, ultrastructural changes in cerebral cortex, and total 
antioxidant in plasma reveal that they have role in mood disorder and 
impairment of learning. 
The generation of reactive oxygen species (ROS) plays a critical 
role in the pathophysiology of several neuro-psychiatric disorders. The 
brain is particularly vulnerable to ROS production because it 
metabolizes 20% of total body oxygen and has a limited amount of 
antioxidant capacity. 
In the present study, increase in lipid peroxidation product 
(MDA), decrease in reduced glutathione, catalase and SOD activities 
were observed in cerebral cortex of stressed rats. The total antioxidant 
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Figure. 1: Central role of the brain in allostasis and the behavioral and 
physiological response to stressors. Adapted from McEwen 
(1998). 
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Figure.2: A theoretical model of stress process. Adapted from 
Misra et al. (2003). 
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Figure.4: Section of rat brain showing hippocampus. Adapted from 
Paxinos, 1997. 
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Figure.5: The hippocampus forms a principally unidirectional network with 
input from entorhinal cortex that forms connection with the 
dentate gyurus (DG) and CA3 pyramidal neurons via the 
perforant path. Adapted from Paxinos, 1997. 
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Figure.6: Basic circuit for communication of hippocampus. Adapted from 
Paxinos, 1997. 
 
 
 
 
 
  
 
 
 
Figure.7: Restraint cage lodging an albino rat. 
Figure.8: Forced swim in a cylinder. 
 
 
 
 
 
  
 
 
 
Fig, 9 Elpvated Plus ij^ azp apparatus used for anxiety test 
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Figure. 10: Barnes Maze Apparatus Used for Learning Test 
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Figure.ll: Effect of stress (restraint and forced swim) on the 
preference of sucrose and water drinking (in ml). 
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Figure.l2: Effect of stress (restraint and forced swim) on the 
percentage time in open and closed zones. 
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Figure.l3: Effect of stress (restraint and forced swim) on the 
exploratory behavior in the open field. 
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Figure.l6: Effect of stress (restraint and forced swim) on the level of 
lipid peroxidation in cerebral cortex of control and stressed 
rats. 
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Figure.17: Effect of stress (restraint and forced swim) on the level of 
reduced glutathione (GSH) in cerebral cortex of control and 
stressed rats. 
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Figure.18: Effect of stress (restraint and forced swim) on the level of 
SOD in cerebral cortex of control and stressed rats. 
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Figure.l9: Effect of stress (restraint and forced swim) on the level of 
catalase in cerebral cortex of control and stressed rats. 
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Figure.20: Effect of stress (restraint and forced swim) on the level 
of (FRAP) in plasma of control and stressed rats. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
PLATE 1 
Section of dentate gyms (DG) of control animal showing normal 
cellularity of granule cells (|) and cells in hilum is properly 
arranged (I). (XI00) 
Section of dentate gyrus (DG) of stressed (restraint & forced swim) 
animal showing reduced cellularity of granule cells (t) and 
narrowing of hilum (I). (XlOO) 
Both the sections were stained with haematoxylin and eosin. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
PLATE 2 
Section of dentate gyrus (DG) of control animal showing uniform 
compact cellularity (t) and uniform staining (-*•). (X400) 
Section of dentate gyrus (DG) of stressed (restraint & forced swim) 
animal showing breach in staining ( • ) , apoptosis (-*) and vacuole in 
hilum(T). (X400) 
Both the sections were stained with haematoxylin and eosin. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
PLATE 3 
Section of dentate gyrus (DG) of control animal showing granule cells 
arranged in layers (-^), compact arrangement (T). (X400) 
Section of dentate gyrus (DG) of stressed (restraint & forced swim) 
animal showing thinning of granule cell layer (TT), decrease in Nissl 
substance ( • ) , appearance of vacuole (T). (X400) 
Both the sections were stained with haematoxylin and eosin. 
92 
 
 
 
 
 
  
 
 
 
Fig. A 
Fig.B 
Figure A: 
Figure B: 
PLATE 4 
Section of dentate gyrus (DG) of control animal showing normal 
organization of granule (T) cells. (X400) 
Section of dentate gyrus (DG) of stressed (restraint &. forced swim) 
animal showing loss of Nissl substance (-*>), vacuolation (T), 
disorganization of granule cells. (X400) 
Both the sections were stained with haematoxylin and eosin. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
PLATE 5 
Section of comu ammons 3 (CA3) of control animal showing, compact 
arrangement ofcells as tier (T). (X400) 
Section of experimental comu ammons 3 (CA3) of stressed (restraint & 
forced swim) animal showing, vacuolation (T), loss of organized 
arrangement of pyramidal cells (TT). (X400) 
Both the sections were stained with haematoxylin and eosin. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
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t 
^t 
PLATE 6 
Section of comu ammons 1 (CAl) of control animal showing arrange 
pyramidal cells (T) no vacuole and no loss of Nissl substance (TT). 
(X400) 
Section of comu ammons 1 (CAl) of stressed (restraint & forced swim) 
animal showing irregular arrangement of pyramidal cells, loss of Nissl 
substance (T) appearance of vacuoles (T T). (X400) 
Both the sections were stained with haematoxylin and eosin. 
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Fig.B 
Figure A: 
Figure B: 
PLATE 7 
Section of comu amnions 3 (CA3) of control animal showing normal 
apical branches (T). (X400) 
Section of comu ammons 3 (CA3) of stressed (restraint & forced swim) 
animal showing atrophy in apical branches (T). 
(X400) 
Both the sections were stained with Golgi stain. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
PLATE 8 
Electron micrograph of a part of the neuropil of the control rat cerebral 
cortex showing, myelinated axon (T), dendritic profile (T T). 
(X31, 500) 
Electron micrograph for stressed (restraint & forced swim) showing 
deformed myelinated fibre (T) and splitting of myelin sheath (T). 
(X 31,500) 
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Fig.B 
Figure A: 
Figure B: 
Fig. A 
PLATE 9 
Electron micrograph for control showing normal axonal and dendritic (t) 
processes in the neuropil of cortex and glial cell with characteristics 
nucleus (T) . (X 31,500) 
Electron micrograph for stressed (restraint & forced swim) showing 
edematous and vacuoled neuropil (TT), deformed myelin fiber with 
splitting of myelin sheath (T). (X 31,500) 
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capacity was also reduced in plasma of stressed rats. Lipid peroxidation 
has been used to measure the oxidative stress, which was originally 
defined as the disequilibrium between prooxidants and antioxidants in 
biological systems. Once, this imbalance appears, cellular 
macromolecules may be damaged by the predominant free radicals. The 
role of ROS in causing cell injury or death is increasingly recognized. 
Superoxide and hydroxyl radicals are involved in a large number 
of degenerative changes often associated with an increase in 
peroxidation process and linked to low antioxidant concentrations. 
Mammalian cells are equipped with both enzymatic and non-enzymatic 
antioxidant defense mechanism to minimize the cellular damage 
resulting from interaction between cellular constituents and ROS. 
It was observed in the present study that the total antioxidant 
capacity of the plasma in terms of ferric reducing ability decreased in 
stressed group as compared to control. Based on the above combined 
observations we can propose that unbalanced production of ROS would 
play a role in the pathogenesis leading to mood disorder and impairment 
of learning. 
IV 
 
 
 
 
 
  
 
 
 
Furthermore, the hippocampus is affected in many ways by stress. 
The mature neuronal population of the dentate gyrus provides strong 
projections to the Comu Ammons 3 region (CA3). In our study, granule 
cells of dentate gyrus show loss of Nissl substance, apoptosis, 
appearance of vacuole and decrease in number of cells. Similar findings 
were also found in Comu Ammons 1 (CAl) and Comu Ammons 3 
(CA3). The apical branches of Comu Ammons 3 (CA3) also show 
atrophy in dendritic branching. Ultrastmctural studies of cerebral cortex 
show demyelination and appearance of vacuole in stressed rats. Stress 
induced histological changes have considerable stmctural and functional 
consequences for the hippocampus and cerebral cortex. The 
hippocampal damage and lesion in cortex in stressed rats, impairs 
leaming and memory task. 
On the basis of the present findings, it can be suggested that the 
behavioral change like mood disorder and impairment of leaming in rat 
are due to histological changes in hippocampus, ultrastmctural changes 
in cerebral cortex and changes in antioxidant enzymes. 
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INTRODUCTION AND STATEMENT OF PROBLEM 
Stress is an internal or external stimulus that can disturb the 
physiological homeostasis (Fig.l) and elicits neurobehavioral alterations 
(Massod et al., 2003). The central nervous system plays a crucial role in 
regulation of stress responses for which complex neuro-chemical pathways 
have been proposed (Carrasco et aL, 2003). Stress induces many changes 
in emotional behavior. Chronic stress exposure may lead to breakdown of 
adaptive mechanisms resulting in precipitation of several neuro-psychiatric 
disorders (Kloet et al., 2005). 
Extensive research in rodents and humans has demonstrated that 
stress is a biologically significant factor that can alter brain cell properties, 
disturb cognitive processes, such as learning and memory, and consequently 
limit the quality of human life (Mizoguchi et al., 2000; Kim, 2002). 
The limbic system, the hypothalamo pituitary adrenal axis and several 
components of the visceral system react to a variety of stress (Fig.2) inputs 
and complex interactions between them play a vital role in determining the 
outcome of the stress response (Mc Ewen, 2000). 
Chronic stress is experienced by millions of people from simply 
trying to deal with the pressure of modem life. Anxiety is the most 
commonly experienced emotion; it is not surprising that anxiety is often 
found to be associated with other clinical disorders. At least 30 percent of 
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Figure. 1: Central role of the brain in allostasis and the behavioral and 
physiological response to stressors. Adapted from McEwen 
(1998). 
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Figure.2: A theoretical model of stress process. Adapted from 
Misra et al. (2003). 
 
 
 
 
 
  
 
 
 
young people already suffering from one type of anxiety state have 
another associated anxiety disorder. High levels of depression have also 
been found to be associated with anxiety (Anderson et aU 1987). 
Depression is not only a mood disorder, it also affects an individual's 
cognitive ability. Yau et al. (2002) have reported that depressive disorders 
are associated with cognitive dysfunction. In particular, impaired memory 
function has been observed in depression. Variety of studies shows a close 
relationship between depression and spatial cognition deficits in human 
patients (Dolan, 2002). The concurrence and interrelationship of depression 
and cognitive impairment in humans are striking features of these two 
disorders. Several possible interactions may exist between depression and 
dementia, for instance increasing cognitive impairments may induce 
depression, and dementia may also occur as a symptom of depression 
(Kuzis et al., 1997; Payne et al., 1998; Zubenko, 2000; Zubenko et al., 
2003). 
The disturbed activity of the hippocampus might lead to improper 
processing of challenging stimuli and formulation of inadequate responses 
that is believed to underlie some of the symptoms of depression 
(Kempermann and kronenberg, 2003; McEwen 2003). The hippocampal 
dysfunction observed in depressed patients and in animals subjected to 
experimental models of depression has been correlated to plastic 
 
 
 
 
 
  
 
 
 
morphological changes observed in this brain structure. Because of these 
findings, changes in hippocampal structure and function have become one 
of the main target of depression research. Over the past five years plasticity 
and cellular survival mechanisms have become the focus of studies aimed at 
understanding depression. 
Hippocampal pathology is also being implicated in cognitive deficits. 
Hippocampus related cognitive performance has been linked to the 
remodeling of pyramidal cell dendritic spine synapses (Silva, 2003). 
The nervous system is extremely sensitive to oxidative damage, since, it is 
rich in oxidizable substrates and has a high oxygen tension and low 
antioxidant capacity (Kovacs et al., 1996; Metodiewa, 2000). Exposure to 
stress situations has been proposed to impair antioxidant defenses, leading 
to oxidative damage by alteration in the balance between oxidant and 
antioxidant factors (Bauer et al., 1999). Oxidative damage has been shown 
to contribute the stress induced impairment of cognitive function (Abidin et 
al., 2004). 
Animal models of anxiety and depression are typically based on 
exposure of animals to a stressful condition and conducting a specific test 
for measuring behavioral and physiological responses. In particular, changes 
in hippocampus in animal models provide insights into altered human 
hippocampal structure and function in depression and ageing. The diversity 
 
 
 
 
 
  
 
 
 
of conditions in which atrophy occurs raises the questions whether, they 
reflect a common mechanism or / and whether the atrophy is permanent or 
reversible? 
Continuous exposure of adult rats to different stress situations, results 
in cognitive impairments. Impaired performance has been observed in 
several tasks such as the Morris water maze, Radial maze, and Y-maze. 
Performance in these mazes is strongly linked to hippocampal function, and 
it has been suggested that chronic stress could lead to ageing-like processes 
in the hippocampus. Hippocampal complex also has an important role in the 
process of spatial learning and memory (McEwen et al., 1995). The 
hippocampal volume reductions may be the primary cause for impairment 
of spatial cognition that co-exist with depression. 
Several animal stress models of various stressors such as acute cold 
immobilization (Kovacs et al., 1996), acute restraint (Zaidi and Banu, 
2004), repeated foot shock sessions (Bhattacharya et al., 2000), isolation 
stress (Pajovic et al,, 2005) have been developed to understand the 
biochemical mechanism of mental disorder and to develop fundamental 
therapies. 
Although many reports are available as mentioned above, to support 
that stress causes mood disorders like anxiety and depression as well as 
cognitive deficit and that these are associated with pathological changes in 
 
 
 
 
 
  
 
 
 
hippocampus, but no systematic attempt has been made to show that both 
depression and anxiety and cognitive deficit exist simultaneously, resulting 
in concomitant pathological changes in the hippocampus. Secondly, there 
are very few reports available about possible pathological changes in 
cerebrum in stress induced cognitive deficit. Thirdly, evidence for excess 
reactive oxygen species (ROS) generation as a possible mechanism for 
stress induced damage is insufficient. Therefore in the present study was 
undertaken a systematic concomitant production of mood disorders, 
cognitive deficit, pathological changes in hippocampus and cerebral cortex 
as well as their possible association with ROS was investigated. A 
behavioral study was carried out to study stress (restraint and forced swim) 
induced mood disorder (anxiety and depression) and impairment of learning 
in rats. 
The cytohistological study of hippocampus was also carried out in a 
comprehensive, multilevel manner by Light Microscopy, and neuronal 
integrity by Golgi technique. The cerebral cortex is the highest and ultimate 
seat of cognition so cognitive deficit is likely to be associated with the 
pathological changes. However, it is a possible that these changes may be 
subtle and appears only at sub-cellular level. So the cerebral cortex was 
studied at sub-cellular level by Electron Microscopy. The total antioxidant 
status of plasma was determined by Ferric Reducing anti-oxidant power the 
 
 
 
 
 
  
 
 
 
plasma (FRAP) and some important antioxidant enzymes were studied in 
the cerebral cortex as possible mediators of local damage. 
The above study was carried out to correlate stress induced structural 
changes in hippocampus and cortex, and antioxidant status in cerebral 
cortex and their role in mood disorders and impairment of cognitive 
functions. 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
  
 
 
 
HISTORICAL REVIEW 
Selye and Canon, for the first time introduced the term stress in 
biology (Canon, 1914; Selye, 1936), and defined it as "any new situation 
like chemical, physical, environmental, emotional and psycho-social 
stressors which disturb homeostasis and, thereby induces a general 
adaptation response designed to restore the initial level of stability e.g. 
adaptation (Selye, 1950). Stress is an aspect of our daily lives and 
conversations, and yet there is considerable ambiguity in the meaning of this 
word. Stress is often defined as a threat, real or implied to homeostasis, and 
homeostasis refers to the maintenance of a narrow range of vital 
physiological parameters necessary for survival, is often threaten by stress 
directly or indirectly. Stress necessarily involves the following features: 
Biological/physiological reactions, emotions, cognitions. Various 
physiological and psychological stressors such as illness, any kind of loss, 
familial, educational or professional difficulties challenge the individual 
throughout the life. Whether, or he or she will be able to adapt to daily stress 
or not now appears critical in determining longevity and the quality of the 
ageing process (Mattson et al., 2002). In fact, individuals vulnerable to 
stress are more prone to develop age related pathological disorders 
regardless of the age in which they survive (Rowe and Khan, 1987). 
 
 
 
 
 
  
 
 
 
Lazarus R (1976) argues that the stress should be considered an emotion in 
and of itself, just like sadness and danger. He believes that emotions exert a 
very powerful influence on the way we think and behave. Hans Selye, who 
emphasized that physical, psychological and experiential factors are among 
the most powerful form of stressors, e.g. novelty, with holding of reward 
and anticipation of punishment rather than punishment itself are among the 
most potent activators of hypothalamic-pituitary-adrenal axis and 
autonomic nervous system activity (Selye, 1950). 
Lavallo (1997) defined stress "as a bodily or mental tension resulting 
from factors that tend to alter an existing equilibrium". The concept of 
equilibrium is based on the notion that living organisms must maintain a 
balance between their internal environment and the external environment in 
order to survive and function optimally. Stress can be classified as 
physiological, psychological or mixed. Physiological stressors include 
trauma, infection, physical illness, and exercise. Psychological stressors 
include working conditions, status change, and loss of a loved one. 
Stress is a well-known culprit in diseases and prolonged stress caused 
a deterioration of the brain. Stress will drastically increase the rate of 
deterioration in the brain only when it becomes intense or prolonged. The 
brain is the master controller of the interpretation of what is stressful and the 
subsequent behavioral and physiological responses that are produced. 
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The changes in the brain and immune system produced by acute and 
repeated stress are the underlying mechanism which have turned out to have 
unexpected clinical ramifications (Kloet et aL, 2005). 
Stress and the Hypothalmic-pituitary-adernal (HPA) axis. 
The stress response comprises of those behavioral, neuro-endocrine 
and neurochemical changes that are evoked as a kind of alarm system that is 
initiated when there is discrepancy between what an organism is expecting 
and what really exists (Levine et aL, 2004). In other words, the stress 
response is meant to cope with stressors and to find a new equilibrated state. 
If the coping process is not sufficient, and the stress response is therefore 
prolonged and sustained, the body and brain homeostasis can be threatened 
and health can be endangered (Fuchs et al., 2003). The stress response is 
mediated by interaction of the autonomic nervous system and the HPA axis. 
In addition, these two components cause changes in behavioral activities. 
The hypothalamic-pituitary-adrenal (HPA) axis served as a 
neuroendocrine stress response system, which has an important role in the 
maintenance of homeostasis (Beckingham et al., 1997). The HPA axis is a 
feed back loop by which signals from the brain trigger the release of 
hormones needed in response to stress. Because of its function, the HPA 
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axis is called the stress circuit. This stress circuit affects system throughout 
the body. The hormones of the HPA axis exert their effect on the autonomic 
nervous system, which controls vital functions such as heart rate, blood 
pressure, and digestion. The HPA axis also communicates with several 
region of the brain, including the limbic system, which controls motivation 
and mood, with the amygdala, which generates fear in response to danger, 
and with the hippocampus, it plays an important role in memory formation 
as well as in mood and motivation (Chrousos and Gold, 1992). 
HPA axis functioning might serve as an indicator of allostatic load, an 
index of cumulative toll on the body. A high allostatic load might result 
fi"om chronic over activation of the stress system (Mc Ewen, 1998) and 
result in a number of negative health outcomes in the long run such as 
psychosomatic and psychiatric disorders. For example in humans, the 
incapacity to deal with (most often psychological) stressors can result in 
anxiety and mood disorders. 
Anxiety Disorders: 
(a) Forms of anxiety disorders. A variety of anxiety disorders is described 
in the international classification of disease (ICD)-IO and Diagnostic 
statistical manual (DSM)-IV. These include panic disorder agrophobia (with 
and without a history of agrophobia), specific phobia, social phobia 
generalized anxiety disorder, obsessive-compulsive disorder (OCD), acute 
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stress disorder, and post traumatic stress disorder (PTSD). In addition, there 
are adjustment disorders with anxious features, anxiety disorders due to 
general medical conditions. Substances-induced anxiety disorders and the 
residual category of anxiety disorder not otherwise specified (American 
Psychiatric Association, 1994; World Health Organization, 1992). 
A panic attack is a period of acute terror with physical symptoms like, 
shortness of breath, clammy sweat, irregular heart beat, dizziness and 
feeling of unreality and wanting to flee the place where the attack began. In 
between the attacks, many people suffer fi-om anticipatory anxiety, which 
may culminate in agoraphobia. The incidence of panic disorder is about 1 to 
2%, with a two-fold chance for women to develop a panic disorder. Panic 
attacks commonly occur with social phobia, generalized anxiety disorder 
and major depression as well. Agoraphobia, severe anxiety in places fi-om 
where escape is difficult, or avoidance of such places, has one year 
prevalence of 5% and is also twice as common in women. Specific phobias 
are characterised by irrational fear, sometimes also taking the form of panic 
as described above, in situations that vary often involve certain animals, 
height, flying, storms, blood needles etc. These phobias occur with a 
prevalence of 8% per year. Social phobia occurs in social situations, in 
which one could be embarrassed or ridiculed e.g. when given a presentation. 
It was a prevalence rate of 7%. Generalized anxiety is characterized as a 
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long period of anxiety and worry, with accompanying symptoms like 
muscle tension, fatigue, poor concentration, insomnia and irritability, like in 
the form of anxiety disorder described above, but without a focus on special 
event or situation. The prevalence is 3% again with a two-fold number of 
female patients suffering from it. The most common therapy for these 
disorders consists of behavioral-cognitive therapy, and in case of 
medication, administration of benzodiazepines (Kaplan, 2004). 
Acute stress disorder and PTSD refer to the anxiety and the 
behavioral disturbances after being involved in an extreme trauma like rape, 
combat, severe accidents, witnessing murder etc. A critical feature is 
disassociation, in which the world is perceived as unreal. Often memories to 
the traumatic event are impaired, although flashbacks can occur. The 
difference between acute stress disorder and PTSD lies in the duration of the 
symptoms. When they exceed a month, one speaks of PTSD. Because of the 
duration of symptoms, PTSD is often accompanied by decreased self-
esteem, hopelessness, and difficulties in maintaining relationships. 
Pharmacolo- gically, PTSD is often treated with SSRIs and also used as 
antidepressants. 
The incidence for obsessive-compulsive disorder is about 2%. 
Patients suffer from thoughts that will not leave them and behavior that they 
can not help performing. Mostly these behaviors are counting, checking, 
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cleaning or avoiding. Effective drug therapies involves the administration of 
SSRIs, where as beznodiapines are not effective (Carlson, 1998; Kaplan, 
2004). Clearly, the group of anxiety disorders is very heterogeneous, but all 
forms of anxiety share a state of exaggerated arousal. Some have a strong 
genetic element (e.g. panic disorder), whereas, others are rooted in stressful 
events (American Psychiatric Association, 1994; World Health 
Organization, 1992). 
Stress is known to be a factor in the cause of depression (Kloet et al.^ 
2005). Interestingly, it seems to play a role in the onset of the first two 
episodes, but not in consecutive episode. In vulnerable patients however, 
stressors that other individuals would consider mild, can play a major role in 
manifestation of a depressive episode. This again underlines the factors in 
interplay of multiple etiology of depression. 
(b) Depression in society: Depression is a psychiatric disease that is 
becoming an increasingly important problem in modem society day by day 
(World Health Organization, 1992). The diagnosis of a depressive episode 
is based on the criteria in the ICD-10 (World Health Organization, 1992) 
or in the DSM-IV (American Psychiatric Association, 1994). Various 
symptoms occurring during depression is presented in Table (1). The DSM-
IV states that either an abnormal depressed mood, or an abnormal loss of 
interest and pleasure or, in persons 18 years of age or younger an abnormal 
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irritable mood must be present for most of the day, almost every day, for at 
least two weeks. In addition to at least one of these symptoms, at least five 
of the symptoms listed in Table 1 must be present. 
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Table: 1. Symptoms occurring in a depressive episode (American 
Psychiatric Association, 1994; World Health Organization, 1992). 
ICD-10 based symptoms 
Depressed mood 
Loss of interest and enjoyment 
Bleak and pessimistic views of the 
future 
Reduced energy and increased 
fatigability 
Reduced concentration and attention 
Reduced self-esteem and self-
confidence 
Ideas of guilt and unworthiness 
Disturbed sleep 
Diminished appetite 
Ideas or acts of self- harm or suicide. 
DSM-IV based symptoms 
Abnormal depressed mood 
Abnormal loss of all interest and 
pleasure 
If 18 yrs or younger, abnormal 
irritable mood 
Activity disturbance 
Abnormal poor concentration or 
indecisiveness. 
Abnormal self-reproach or 
inappropriate guilt 
Abnormal-fatigues or loss of energy 
Sleep disturbance 
Appetite or weight disturbance 
Abnormal morbid thoughts of death < 
suicide. 
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Therefore, not every depressive episode therefore needs to consist of 
the same symptoms. To distinguish between several depressive syndromes, 
depression can be classified based on several factors, like severity (mild, 
moderate, severe), onset (early, postpartum, late), clinical course (single 
episode, recurrent, chronic) etc. This classification however remains based 
on subjective criteria; so far no biological markers have been identified that 
could facilitate the diagnosis, classification or the prognosis of the disease 
(Wong, 2001). Depression has a lifetime prevalence of 10% to 25% for 
women and of 5% to 12% for men. Indeed, women are 2-3 times as 
vulnerable to suffer fi^om a depressive episode as men. At any point in 
times, 5% to 9% of women and 2% to 3% of men suffer from this disorder. 
Its prevalence is unrelated to factors like ethnicity, education, income, or 
marital status. 
Depression forms a risk factor for other disorders. In 80 to 90% of 
depressed patients, anxiety symptoms are also present, and about 30% have 
a ftill- blown anxiety disorder. In fact the symptomatology of depression 
and anxiety partly overlap. The outlook of patients with both disorders is 
gloomier than for depressed individuals that do not suffer from anxiety 
symptoms. Patients with depression also suffer more frequently from 
cardiovascular disease, and it has been associated with a decreased bone 
mineral density (Michelson et al., 1996). Depressive syndromes often occur 
 
 
 
 
 
  
 
 
 
in the context of other medical conditions as well, like Cushing's disease 
(hyperadrenalism), Addison's disease (hypoadrenalism) (Kaplan, 2004), 
Parkinson's disease, certain cancers, asthma, diabetes and stroke (Nestler et 
a/., 2002). 
The death rate among depressed persons is high, 15% of the patients 
commit suicide (Gold et al., 2002). It is a disease that seriously impairs the 
quality of life of both the patient and his social environment, and that is very 
costly to society. For example: in the USA more than 19 million adults are 
affected, making it the most common serious brain disease. An estimated 
US$ 43 billion was lost to the direct and indirect cost of the illness in 1990 
and the annual costs were estimated as US $ 70 billion now a days 
(Greenberg et al., 1990; Greenberg et al., 2003). 
Etiology of Depression: 
For obvious reasons, the etiology of depression and the related 
anxiety disorders are of considerable interest to many research institutes and 
pharmaceutical companies. There is no one cause for depression and the 
situation is much more complex. Pre-clinical studies as well as modem 
brain imaging technologies are revealing that, in depression, neural circuits 
responsible for the regulation of mood, thought, sleep, appetite, and 
behavior fail to function properly, and the balance of critical 
neurotransmitters are deregulated. The involvement of growth hormone, the 
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thyroid axis, opoid receptors, substance P and brain cytokines have been 
described (Gold, 2004; Gold et aL, 1995; Nestler et al., 2002; Whybrow, 
1981). Reports even exist suggesting that an infection with the Boma-
disease virus might cause some forms of depression (Bode et al., 1995). 
Epidemiologic studies have shown that around 40-50 % of the risk for 
depression is due to genetic factors (Fava, 2000; Sullivan et aL^ 2000), 
therefore, genes involved in depression were investigated. It is a complex 
phenomenon in which many genes might be involved, with each of them 
possibly responsible for a relatively small effect. Vulnerability is due to a 
combination of genetic and environmental factors that precipitate in a 
depressive episode (Fig. 3). 
Because of all the (multidisciplinary) effect that is put into the 
elucidation of the background of depression, much more is known now than 
10 years ago. Still, further knowledge and better treatments are necessary, as 
24 % of patients do not respond to pharmacological or psychotherapeutic 
treatment, and persons have a more than 80 % chance to suffer from 
additional major depressive episodes at a 8- year follow-up. Additional 
drawbacks so far are the slow onset of effect of therapy and adverse effects 
of the drugs in use. Three kinds of treatments have been shown to be 
effective in fighting depression. These are antidepressant drugs, certain 
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forms of psychotherapy (in particular cognitive and behavioral therapies) 
and electro convulsive therapy (ECT) (Nemeroff, 2002). 
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Environmeiital factors 
Prenatal factors 
Loss 
Deprivation 
Grief 
Stress 
Natural disasters 
War 
Social support systems 
Exercise 
Nutrition 
Drug effects 
Genetic factors 
Susceptibility genes of major effect 
Susceptibility genes of small effect 
Depressive syndromes 
Figure.3: A combination of genetic and environmental factors that cause 
depression. Source: (Wong, 2001). 
22 
 
 
 
 
 
  
 
 
 
Behavioral Animal Models: 
The search for novel behavioral models for depression and anxiety 
continues (Rodgers et al., 1997; Sanger et al^ 1991), as it is highly 
unlikely that depressed rats will ever be found that forms an optimal model. 
In general, animal models for psychiatric ailments should fulfill the criteria 
of predictive validity, face validity and construct validity (Willner, 2002; 
Willner et al., 1992). Predictive validity means that the model must 
distinguish compounds that might influence the disease fi-om compounds 
that might influence the disease from compound that do not, preferably in a 
dose dependent maimer (Treit, 1985). Face validity refers to 
phenomenological similarity between the model and the disorder, i.e., that 
'symptoms' or behavioral parameters in the model resemble symptoms of 
the disease in humans. Finally, construct validity implies that the cause for 
the behavioral change in the animal is similar to the cause of the disorder in 
man. However in the case of depression, too little is known about the 
etiology or its pathophysiology to be able to base a model on construct 
validity (Nestler et al., 2002). Therefore, a different set of criteria has been 
formulated by Mc Kinney (1969). The minimum requirements for an 
animal model of depression are as follows: 
(a) It is reasonably analogous to the human disorder, or its manifestations 
or symptomatology (refers to face validity). 
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(b) There is a behavioral changes that can be monitored objectively. 
(c) The observed behavioral changes should be reversed by the same 
treatments that are effective in humans (predictive validity). 
(d) It should be reproducible between investigators. 
It means that certain symptoms of depression (endophenotypes, rather 
than the complete set of symptoms, the phenotype) are reproduced in 
animals, and mechanisms underlying these symptoms are elucidated and 
novel treatments are tested in these models (Nestler et al., 2002). Still, it 
must be kept in mind that dqjression influences higher cognitive human 
processes such as motivation and self- esteem, and that it will remain 
unclear whether mechanisms that are elucidated based on animal models 
truly represent the pathophysiologic background of depression or merely the 
effects of stress, pain or deprivation (wong, 2001). After all, the biological 
basis of the symptoms in animals could be different from those in humans 
(Nestler ^ra/., 2002). 
LIPID PEROXIDATION AND ANTIOXIDANT ENZYME: 
Lipid peroxidation of biological membranes can cause alterations in 
fluidity, reduction in membrane potential, increased permeability to H+ and 
other ions, and eventual membrane rupture leading to release of cell and 
organelle contents. Cytotoxic aldehydes resulting from lipid peroxidation 
can block macrophage action, inhibit protein synthesis, inactivate enzymes, 
24 
 
 
 
 
 
  
 
 
 
cross-link proteins, and can lead to the generation of thrombin (Halliwell 
and Gutteridge, 1990). Lipid peroxidation is defined as an oxidative 
deterioration of membrane unsaturated fatty acids. It is a chain reaction 
initiated and propagated by any free radical that has sufficient reactivity to 
extract a hydrogen atom fi-om a reactive methylene group of unsaturated 
fatty acids (Cheeseman and Slater, 1993). During lipid peroxidation, 
cleavage of carbon bonds results in the formation of alkanals such as 
malonaldehyde that can interact with protein thiols, cross link the amino 
group of lipids with proteins, and give rise to chromo lipids and aggregated 
proteins. This process can modify the activities of membrane-bound 
enzymes and receptors (Erin et al., 1994). 
Neural membranes contain large amounts of phospholipids that are 
characterized by their high content of arachidonic, docosatetraenoic 
(adrenic) and docosahexaenoic acids. These polyunsaturated fatty acids 
(PUFAs) are essential for normal cell functioning because many membrane 
properties such as fluidity and permeability are closely related to the 
presence of unsaturated and polyunsaturated side chains. Phospholipids 
peroxidation results in loss of membrane PUFA and contributes to increased 
membrane rigidity (Choe et al., 1995). In neural membranes lipid 
peroxidation is initiated by hydroxyl radicals that are capable of abstracting 
hydrogen atoms from membrane phospholipids and inducing the formation 
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of conjugated dienes that combine rapidly with oxygen to form conjugated 
peroxyl radicals. Peroxyl radicals can abstract a hydrogen atom from other 
fatty acids and thus onset of chain reaction that can continue until all neural 
membrane fatty acids are completely oxidized (Porter et al.^ 1995). 
Lipid peroxides within the membrane have a devastating effect on 
membrane integrity because they alter membrane fluidity and permeability, 
thereby allowing ions such as Ca^ to leak into the cell. Iron and copper play 
major roles in lipid peroxidation. These ions catalyze the formation of 
hydroxyl radicals. They also react with lipid hydroperoxides and decompose 
them to peroxyl and alkoxyl radicals and they can reinitiate lipid 
peroxidation (Halliwell, 1994). 
The over stimulation of excitatory amino acid receptors may result in 
activation of lipases and phospholipids and this produces changes in 
membrane phospholipids composition, permeability and fluidity, thus 
decreasing the integrity of the plasma membrane. Alterations in plasma 
membrane properties may be responsible for the degeneration of neurons, as 
seen in acute trauma and neurodegenerative disease (Farroqui and 
Horrocks, 1994 b). Normally the damage produced by lipid peroxidation is 
balanced by the antioxidant defense mechanisms (Halliwell, 1994,1995). 
During normal aging, neural cells can tolerate mild stress by 
regulating the synthesis of antioxidant defense systems in an attempt to 
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restore balance. However, severe oxidative stress such as is seen in acute 
trauma or neurodegenerative diseases can produce major interdependent 
derangements of cellular metabolism including DNA strand breakage, 
increased intracellular free calcium, damage to membrane ion transport, 
peroxidation of membrane lipids, alterations in the activities of membrane -
associated enzymes, changes in the number of membrane receptors and their 
affinity for neurotransmitters, and increased lysosomal fragility with the 
release of proteolytic enzymes. All of these processes may contribute to 
neural cell injury. Another important factor for neural cell survival is its 
energy status (Novelli et al., 1988). A low- energy state within certain 
neurons may potentiate their susceptibility to lipid peroxidation. 
Furthermore, oxidative damage in neural membranes can cause an 
inactivation of Ca -ATPase and result m Ca accumulations, which is 
toxic for the cell. 
According to Demopoulos et al. (1979), the loss of membrane 
integrity during pathological free radical mechanism leading to lipid 
peroxidation and degeneration of phospholipids are important factors which 
irreversibly damage brain cells in ischemic and other adverse conditions. 
The rate of lipid peroxidation is also highly catastrophic to the integrity of 
cellular membranes and to membrane bound enzymes (Recknagel and 
Glence, 1977 and Zebra etal., 1990). Kartha and Krishnamurthy (1978) 
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rqwrted that among the different tissues from normal rats, the brain showed 
a considerably high degree of peroxidation, while the homogenate of other 
body parts showed comparatively low lipid peroxidation. Lipid peroxidation 
is initiated by free radical attack on double bond associated with a 
polyunsaturated fatty acid (PUFA). This results in the removal of a 
hydrogen atom from a methylene (CH2) group, the rate of which determines 
the rate of initiation, a key step in lipid peroxidation. Molecular 
rearrangement of the resulting unstable carbon radical results in a more 
stable configuration, a conjugated diene. The conjugated diene reacts very 
quickly with molecular oxygen, and the peroxyl radical thus formed is a 
crucial intermediate (Abuja and Esterbauer, 1995). A PUFA peroxyl 
radical in LDL may abstract a hydrogen atom from an adjacent PUFA to 
form a hydroperoxide and another lipid radical, a reaction that results in 
chain propagation. Removal of hydrogen atoms by the peroxyl radical from 
other lipids, including cholesterol, eventually yields oxysterols. 
Lipid hydroperoxides fragment to sorter-chain aldehydes, including 
malondialdehyde and 4-hydroxynonenal. These reactive aldehydes in turn 
may bind to E-amino groups of apo-B-100, giving the protein an increased 
net negative charge. The classical LDL receptor recognizes a specific 
domain of positive charges from lysine, arginine and histidine residues on 
apo B. Alteration of this domain results in failure of binding by the apo B/E 
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receptor and an increase in negative surface charge on apo B-lOO results in 
increased recognition by the scavenger receptor. 
Malondialdehyde (MDA) is one of the lipid oxidation products which 
can react with the free amino group of proteins, phospholipids, and nucleic 
acid leading to structural modifications, which can induce dysfunction of 
immune system. High level of lipid peroxidation products can be detected 
after injury or disease (Farooqui et aL, 1998). As lipid oxidation of cell 
membrane incrcEises, the polarity of lipid- phase surface charge and the 
formation of protein oligomers increase, and molecular mobility of lipids, 
number of SH groups, and resistance to thermodenaturation decrease. 
Recent findings have emphasized the importance of lipid peroxidation in 
relation to the role of caloric restriction and the extension of longevity 
(Kim, 2002). 
In mammalian cells, peroxides are generated continuously during 
aerobic metabolism. Consequently peroxides have to be detoxified 
continuously to prevent oxidation of cellular components by peroxides or 
peroxide derived reactive oxygen species (ROS). These processes are 
especially important for the human brains because the cells of this organ 
utilize 20 percent of the oxygen consumed by the body even though they 
constitute only 2 percent of the body weight. (Clarke and Sokoloff, 1999). 
Glutathione a tripeptide composed of L-glutamate, L-cysteine and glycine, 
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is considered to be the most prevalent and important intracellular non-
protein thiol / sulfhydryl compound in mammalian cells. (Meister, 1988). 
A crucial role for GSH is as free radical scavenger, particularly effective 
against the OH radical. The ability of GSH to non-enzymatically scavenges 
both singlet oxygen and OH radical provides a first line of antioxidant 
defense. Approximately 90 percent of total cellular glutathione is localized 
in the cytosolic fraction, the rest being compartmentalized within 
mitochondria (Reed, 1990). Free radicals can be generated by a variety of 
normal cellular process. For neural cells these include, oxidative 
phosphorylation, the breakdown of neurotransmitters such as dopamine and 
serotonin, the overactivation of neurons by calcium or excitatory amino 
acids, and beta amyloid production (Benzi, and Moretti, 1997). Oxidative 
stress arising from free radical formation can affect the ratio of reduced to 
total GSH and the GSH status of the cell is depleted to combat such radicals. 
Glutathione, as a critical component of antioxidant defense, has been linked 
directly to oxidative stress, and evidence that alterations in GSH status may 
play a role in neurological diseases is growing (Harding, et aL^ 1996, 
Hagan, et al.y 1997). Marked reductions in intracellular or intra-
mitochondrial glutathione are associated with events in apoptotic cell death. 
Strong evidence that glutathione depletion causes cell death comes from cell 
culture studies by (Wullner et al., 1999). Therefore, increasing brain 
glutathione levels may have therapeutic benefits. 
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All aerobic organisms utilize O2 and must have some mechanism by 
which they can minimize O2 toxicity. One mechanism is the production of 
superoxide radical and its dismutation reaction, catalyzed by the enzyme 
superoxide dismutase (Harman, 1956, 1971). The superoxide anion is a 
free radical formed by one electron transfer to oxygen. Superoxide 
dismutase (SOD) catalyzes the dismutation between two moles of 
superoxide anion to yield one mole of oxidized product (oxygen) and one 
mole of reduced product (hydrogen peroxide) (Klug et al., 1972). This is 
analogous to the dismutation of hydrogen peroxide to oxygen and water 
catalyzed by catalase. Ordinarily, electrostatic repulsion between two 
molecules of superoxide anion limits their approach to one another. SOD 
overcomes the bzirrier and generally increases the dismutation rate 
(Fridovich, 1976,1978). 
SOD has been demonstrated in a variety of tissue and cell types and 
appears to protect against the toxic effects of the O2' free radical and thus 
provide a mechanism by which an organism can avoid possible deleterious 
effects of this radical or other free radicals which might be produced by its 
further reaction with cellular components (Fridovich, 1975, McCord et al., 
1971). Superoxide arises naturally in some enzymatic reactions (Fridovich, 
1978) such as xanthine oxidase, dihydro-oratic acid oxidase, aldehyde 
oxidase, tryptophan dioxygenase or during auto-oxidation of tissue 
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constituents such as reduced flavins or ascorbate or more dramatically 
during the rapid spontaneous auto-oxidation of certain neuronal toxins such 
as 6-hydroxydopamine or 6- aminodopamine (Cohen and Heikilla, 1974). 
Superoxide radical at neutral pH can act either as a weak oxidizing agent, 
e.g with catecholamine, or as a strong reducing agent, e.g with cytochrome c 
or nitroblue tetrazolium. 
Several forms of SOD have been identified since the enzyme was first 
discovered in 1969 by McCord and Fridovich. They identified the 
enzymatic activity associated with erythrocuprein, a copper-zinc protein of 
erythrocytes. The copper is associated with enzymatic activity, whereas the 
zinc is structural. Similarly, SOD activity is associated with copper-zinc 
proteins, cerebrocuprein in brain (Fried, 1979) and hepatocuprein of liver. 
In mammalian tissues, a second form exists in which manganese is the 
prosthetic group (Fridovich, 1976). In rats and mice the Mn-SOD is 
localized in mitochondria, whereas the Cu-Zn -SOD is cytoplasmic. Fried 
and Mandel (1975) indicated that very high levels of activity are present in 
liver, while the adrenals, kidney and red blood cells have intermediate 
activity and lower activities were found in most other tissues including 
brain. Regional distribution studies in the rat by Thomas and his 
coworlcers (1976) showed a relatively homogeneous distribution in brain 
about a two-fold range from the highest area (medulla oblongata) to the 
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lowest area (cortex). Sub-cellular distribution studies in the rat (Thomas et 
fl/., 1976) showed the highest level in the cytoplasm while myelin has very 
low levels. Peroxidative damage has been implicated as one of the principal 
causes of age-related damage to cells (Barber and Bernheim, 1967; 
Hougarrd, 1968). Such damage is at least partially associated with the free 
radicals. The reduction in SOD activity as a function of age could result in 
an impaired protection against the toxic effects of O2 and thus might lead to 
cause cellular damage (Kellogg and Fridovich, 1976; Massie et al., 1979; 
VaneUa etal., 1982,1989, Benzi ^a/., 1988; Tayarami etal., 1989). 
It was reported that oxidative and chemical stresses inhibit the SOD 
activity in various regions of the brain in growing rats (Shukla et al., 1987). 
They suggested that stress directly or indirectly increases lipid peroxidation 
in cell membranes through inhibition of SOD and produce damages to the 
associated physiological function, leading to CNS dysfunction. 
Catalase is another scavenging enzyme, which catalyzes the 
breakdown of hydrogen peroxide to water and oxygen (Scott and 
Harrington, 1990). 
catalase 
2H2O • 2H2O+O2 
Klrkman et al. (1987) have reported that each tetrameric molecule of 
human and bovine catalase has four molecules of tightly bound NADPH. In 
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CNS, H2O2, a known cytotoxin, is produced during amine metabolism 
(Tipton, 1968). Catalase reduces H2O2 and thus serves as protective role in 
brain metabolism. CNS catalase is largely associated with small sub-cellular 
particles termed as "microperoxisomes" (Hurban et al.^ \^11\ Novikoff et 
ah, 1973; Mc Kenna et ah, 1976). It exerts various physiological functions. 
A protective role for catalase in brain is the removal of H2O2 which can 
induce damage to tissue constituents by oxidizing enzymes or membrane 
sulfhydryl groups or by initiating lipid peroxidation. This has led Gaefani et 
ah, (1989) to demonstrate that catalase is equally involved in the removal of 
H2O2 as is GSHPx. Furthermore, at higher concentration of H2O2, the action 
of catalase becomes increasingly important than GSHPx (Cohen and 
Hochstein, 1963). It has been tested that catalase prevents ascorbate 
induced somatic mutation (Rosin et ah, 1980), free radical-induced 
aldehyde formation in DNA (Sinha and Patterson, 1983), lipid 
peroxidation (Koster and Slee, 1980) and DNA scissions caused by H2O2 
(Chilou, 1983; Yonei et ah, 1987). The increased H2O2 concentration and 
lipidperoxides levels are often associated with the decreased catalase 
activity (Del Bocci et ah, 1990; Vani et ah, 1990). In many systems, 
catalase and SOD work together to eliminate the toxic precursors of free 
radicals (Fridovich, 1981). Many available reports indicate that SOD and 
catalase form a "defensive team" effective against endogenously produced 
superoxide anion (O2) (Rowley and Halliwell, 1983; Ahmed et ah, 1987). 
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It has been widely that capacity of the enzyme to deal with stress is 
decreased with increasing age. Accumulation of oxidatively modified 
cellular components suggests that aged organisms may be less capable of 
coping with oxidative stress. 
The hippocampal formation, a cortical structure of the limbic system, 
is located in the median temporal lobes (Fig. 4-5). The name was derived 
from the curve-shaped appearance of the structure, which to early 
anatomists resembled a seahorse (hippocampus in Greek). Although, there is 
a lack of consensus regarding, which structures to include in the 
hippocampal formation, it typically refers to the hippocampus proper (i.e; 
Comu Ammonis (CA) 1-3), the dentate gyrus (DG), the subicular cortex, 
and the enthorinal cortex (Fig. 6). The hippocampus proper encompasses a 
single layer of densely packed pyramidal cells, while the DG consists of a 
layer of granular cells. CA pyramidal neurons are composed of a triangular 
soma, a large tree of dendrites, an axon, and presynaptic terminal. Dendrites 
are receptive for incoming signals and are densely covered with dendritic 
spines, which are the primary post-synaptic targets of excitatory 
glutaminergic synapse. 
Exposure to both chronic and acute stress has substantial effects on 
learning and memory (Kleen et al., 2006; Sandi et al., 2005). Restraint 
stress is one of the most commonly employed stressors in animal models of 
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CA2. 
. •'S -W^  
Rat \ 
Figure.4: Section of rat brain showing hippocampus. Adapted from 
Paxinos, 1997. 
CA1 . 
4« 
AC 
(commissural 
pathw^) 
CA3 / PP 
(perforant path) 
Figure.5: The hippocampus forms a principally unidirectional network with 
input from entorhinal cortex that forms connection with the 
dentate gyurus (DG) and CA3 pyramidal neurons via the 
perforant path. Adapted from Paxinos, 1997. 
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Figure.6: Basic circuit for communication of hippocampus. Adapted from 
Paxinos, 1997. 
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stress-related psychopathology and has been shown to elicit complex effects 
on memory formation (Weiss et aL, 2005). There is much interest therefore 
in understanding the mechanisms responsible for interactions among 
restraint stress, cognitive- emotional state, and memory. 
There is extensive evidence demonstrating modulatory effects of 
various stressors on human and animal cognition (de kloet, 2000; Lupein et 
al., 2001). Prior exposure of laboratory rodents to an inescapable stressor 
often impairs their performance in different learning tasks (Besson et al.^ 
1998; Cabib, 1997; Edward et al., 1999; Holscher, 1999). Both restraint 
and thermal stress have been shown to induce impairment of associative or 
spatial learning and memory, and the impact on cognition appears to be 
dependent on stressor intensity and duration (Nishimura et al., 1999, 
Ramos, 1998). 
The combination of restraint and cold stressors induced more severe 
impairment of radial maze performance than the restraint alone, and also a 
combination of the two stressors produced stronger decrease of 
acetylcholine release relative to restraint alone (Stillman et a/.,1998). Other 
important factors, related to the type and intensity of the stressor, are the 
long- term changes in neuronal plasticity and behavior, which affect 
processes in cognitive functions (Besson et al., 1998; Korte, 2001). 
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In the passive avoidance task Sprague-Dawley and Lewis rats showed 
an impaired inhibitory response after having been exposed to an acute 
stressor of restraint combined with cold-water immersion (Imo+c), when the 
stressor exposure terminated one hour before training. 
It has been established that hormones and neuro-modulatory factors 
released by the reaction of HPA axis to stress stimuli; influence 
neurobiological mechanisms underlying learning and memory formation (de 
kloet et al., 1999; Lupien, 1997; Mabry et al., 1995). The effects of acute 
stress on learning and memory are less consistent. In male rats acute stress 
enhances memory performance on highly aversive tasks (Blank et al.^ 
2002; Sananbenesi et al., 2003; Shors ^001; Shors et al., 1992), impairs 
memory performance on appetitive spatial navigation tasks (Damond et al., 
1996; Shors and Dryver, 1992) and object recognition tasks (Baker and 
Kim, 2002; Beck and Luine, 2002). There are many differences across 
these experiments that might contribute to the diversity of outcomes. These 
include not only appetitive versus aversive components of the task, but 
differences in the type of stressor, task difficulty (Diamond et al., 1999), 
and timing between stress and training (Blank et al., 2002). 
Chronic stress produces change in the hippocampal morphology of 
rats and primates. These alterations include retraction of the apical dendrites 
in the CA3 region of the hippocampus following prolonged restraint 
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(Conrad et al^ 1999, Magarinos et a/., 1995, Watanable et a/., 1992) or 
chronic social stress (Mckittrick et a/., 2000). Chronic stress can also 
modify hippocampal dendritic spine number and shape (Donohue et al., 
2006; Mclaughlin et al., 2005; Sunanda et aL, 1995). Prolonged stressful 
periods can result in cell death (Uno et al., 1989). Collectively, there is clear 
evidence that chronic stress can significantly alter hippocampal structure. 
Chronic stress generally produces deficits on hippocampal dependent 
memory processes in male rats (Conrad et al., 1996; Luine et al., 1994; 
Park et al., 2001). The deficits observed in males may be associated with 
chronic stress- induced restructuring of the hippocampus (Conrad et al., 
1999 b; Magarinos and Mc Ewen, 1995; Sousa et al., 2000; Watanabe et 
al., 1992). The mammalian hippocampus plays a central role in spatial as 
well as declarative/ relational, and episodic memory in rats and both human 
and non human primates and selective deficits in declarative or explicit 
memory are associated with neuronal loss/ damage to the CAl region 
hippocampus in humans (Mc Ewen, 1995). In the adult rat, exposure to 
intermittent hypoxia (IH), such as occurs in sleep-disordered breathing, is 
associated with neurobehavioral impairments and increased apoptosis in the 
hippocampal CAl region and cortex. Most notable are increase in 
programmed cell death in the CAl region of the hippocampus and adjacent 
cortex as well as impaired spatial learning in the Morris water maze (Row, 
2002; Gozal, 2001). Experimental paradigms that are used to examine 
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spatial learning and memory in nonhuman subjects require an animal to 
complete a task to acquire food reward or to escape too safely from a 
potentially harmful environmental stimulus. Spatial memory was assessed 
using a Y-maze, which was first described by Dellu et al. 1992 and 
subsequently validated as a task requiring hippocampal function and spatial 
memory {Conrad et al., 1996). 
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MATERIALS AND METTHODS 
EXPERIMENTAL DESIGN 
This study was done at Interdisciplinary Brain Research Centre, J. N. 
Medical College, AMU, Aligarh. The male albino (swiss) rats of 150 ± 20g 
which were used in the present study were obtained from the Central 
Animal House, J.N. Medical College, AMU, Aligarh. The animals were 
kept in an experimental room and had free access to pellet diet (Hindustan 
Lever Pvt. Ltd, Mumbai) India and water ad libitum. The animals were used 
in according to the guide for care and use of laboratory animals. All 
procedures were approved by the Animal Ethics Committee of J.N. Medical 
College, AMU, Aligarh. 
A total of ninety six rats were used for the whole study and divided 
into groups A, B, C and D. 
Group A: A total of twenty four male albino rats were used for the 
behavioral study (Anxiety). And these twelve served as control and twelve 
were given stress [restraint stress (RS) for two hours and forced swimming 
stress (FSS) for five minutes]. 
Group B: A total of twenty four male albino rats were used for the 
behavioral study (Depression and open field). Twelve served as control and 
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twelve were given stress and they were used for histological analysis after 
behavioral studies. 
Group C: A total of twenty four male albino rats were used for the Barnes 
maze test. Of these, twelve served as control and twelve were given stress 
(RS+FSS). 
Group D: Twenty four male albino rats were divided into four subgroups, 
each consisting of six rats. One subgroup served as control and the rest 
subgroups (three) were subjected to stresses of one, two and three weeks 
subgroup-1: Control (No stress) 
subgroup-2: Stress for one week (RS+FS) 
subgroup-3: Stress for two weeks (RS+FS) 
subgroup-4: Stress for three weeks (RS+FS) 
Also, the combined effect of two stress procedures (RS+FSS) on 
various antioxidant parameters (LPO, reduced glutathione, SOD, CAT) in 
cerebral cortex and total antioxidant status (FRAP) in plasma was 
determined. 
Restraint Stress: Rats were restrained (Hasan and Khan 1985) in a wire 
meshed cage (Fig.7) for one week, two weeks and three weeks at a fixed 
time each day for two hours. 
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Forced Swimming stress: The animal was placed in a cylinder of length 
50 cm and 30 cm diameter (Fig. 8) containing water level upto 25 cm water 
for five minutes (Porsolt et al., 1978) after restraint stress. 
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Figure.7: Restraint cage lodging an albino rat. 
Figure.8: Forced swim in a cylinder. 
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A. Behavioral tests 
1. Elevated plus maze: The elevated plus maze consist of four plywood arms 
in a plus shape, two arms having 20 cm, high wall (closed arms) while, two 
others have no walls and edges (open arm). Arms were 27.5 x 5 cm in size 
and arm crossing formed in a central area (5x5 cm). The maze was elevated 
40 cm above the floor (Fig. 9). The animal was individually placed in the 
central area and the test began when it first entered a closed arm. The 
session lasted 5 min. Anxiety behavior on elevated plus maze, the time 
spent in open arm is recorded through Any maze video tracking system 
(Stoleting Co. USA). 
2. Sucrose Preference Test: Each rat was provided with two water bottles 
on the extreme sides of the cage during the 24h training phase to adapt the 
rats to drinking from two bottles. After training, one bottle was randomly 
switched to contain 1% sucrose solution and 24h later, the bottles were 
reversed to avoid preservation effects. The sucrose preference over water 
after stress was recorded of base value, after one week, two week and three 
week. 
3. Exploratory behavior in the open area: Locomotor activity was 
observed for five minutes after stress. 
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Fig, 9 Elpvated Plus ij^ azp apparatus used for anxiety test 
 
 
 
 
 
  
 
 
 
Open field behavior test 
An open field apparatus was similar to that of Holland and Gupta 
(1966). It consisted of a wooden circular open arena (82 cm diameter) 
surrounded by a wall (31 cm high). The wooden floor was marked with 
three centric circles, which were divided into segments by lines radiating 
from the center. Each animal was tested for its exploration in the center or in 
the periphery of open field foe five minutes. 
B. LEARNING TASK 
Barnes maze apparatus: This apparatus consisted of a rota-table platform 
with 20 holes along the perimeter one with a hidden escape box (Fig. 10). 
An imaging program with video recording (Stocking, USA) was used to 
track the movements. 
1. In the beginning the animal was placed in centre of maze. It was left 
for at least two minutes to acclimatize. 
2. Then bright spot light and video camera recorder was turned on for 
recording. 
3. The rat ran around the maze trying to find out a place to hide. It was 
seeking in many of the holes for trying to escape. When the rats find 
out the escape box, they quickly crawled off the maze and out of the 
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light and entered into the box. If the rat could not find the escape box 
after 4 minutes, it was placed in and allowed for acclimatization. 
4. The rat which could not find out escape box was left in escape box for 
at least 2 minutes so that its escape attempt seemed to the rat as if it 
did really learn to escape. 
5. Training was repeated for practice; the rat ran directly to the escape 
box and climbed inside. 
6. The maze was rotated to change the position of escape box by the 90 
degree every day. 
7. The maze was cleaned thoroughly everyday. 
8. After four days of training on fifth day the rats were tested for 
learning and memory. 
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o 
Figure. 10: Barnes Maze Apparatus Used for Learning Test 
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Biochemical Analysis 
The animals were sacrificed after stress by cervical dislocation and 
immediately the brains were taken out on ice and cerebrum was separated 
and used for biochemical estimations. 
Estimation of Lipid peroxidation: Lipid peroxide contents were estimated 
according to the method of Ohkawa et al (1979). 
Principle: Acetic acid detached the lipid and protein of the tissue. The 
protein in the reaction mixture is dissolved by the addition of sodium 
dodecyl sulphate. 2-Thiobarbituric acid (TBA) reacts with lipid peroxide, 
hydroperoxide and oxygen labile double bond to form the colour adducts 
with absorption maxima at 532 nm. 
Reagents: 
(a) 0.15 M potassium chloride 
(b) Sodium dodecyl sulphate (SDS) 8.0% 
(c) Acetic acid (20.0%) 
(d) 2-Thiobarbituric acid (0.8 %) 
(e) n- Butanol 
Procedure: 0.1 ml of homogenate was mixed with 1.0 ml of 20 % acetic 
acid. Subsequently, 0.2 ml of 8.0 % aqueous SDS was mixed, 1.5 ml of 0.8 
51 
 
 
 
 
 
  
 
 
 
% TBA solution and sufficient amount of distilled water were added to a 
final volume of 4.0 ml. Then the reaction mixture was incubated in a boiling 
water bath for one hour. After cooling to room temperature, 3.0 ml of n-
Butanol was mixed. The reaction mixture was then centrifliged at 10,000 g 
for 15 minutes. 
A clear butanol fraction obtained after centrifiigation was used for 
measuring the absorbance at 532 nm in Beckman DU spectrophotometer. 
Estimation of Reduced glutathione (GSH): GSH contents were estimated 
according to the method of Jollow et al. (1974). 
Principle: 5-5'- dithiobis 2-nitrobenzoic acid (DTNB) is reduced by -SH 
groups of glutathione (GSH) in alkaline medium to produce one mole of 2-
nitro-5-mercaptobenzoic acid per mole of -SH group. Since the anion (2-
nitro-5- mercaptobenzoic acid) has an intense yellow colour, it can be used 
to measure -SH group at 412 nm. 
Procedure: An equal quantity of homogenate was mixed with 10% TCA 
and centrifiiged to separate the proteins. To 0.01 ml of this supernatant, 2 ml 
phosphate buffer (pH 8.4), 0.5 ml 5'5-dithiobis (2-nitrobenzoic acid) and 
0.4 ml double distilled water were added. The mixture was vortexed and the 
absorbance read at 412 nm within 15 min. The concentration of reduced 
glutathione was expressed as |uig/g tissue. 
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Estimation of superoxide dismutase (SOD) 
Superoxide dismutase was measured by the method of Marklund and 
Marklund (1974). 
Principle: Depends upon autooxidation of pyrogallol 
Auto-oxidation 
Pyrogallol + O2 • oxidation product + O2 
SOD 
202+2H' • O2+H2O2 
Chemical and Reagents:-
a) 0.05 mM Tris succinate buffer (pH-8.2) 
b) Pyrogallol solution (8 mM) 
Procedure: 
Saline cleaned cortex was homogenized 10% w/v in chilled 0.15 M 
KCl and centrifuged in cold at 10,000 g for 15 minutes. A 0.05 ml of clear 
supernatant was added to 2.85 ml of 0.05 mM Tris succinate buffer (pH-
8.2), mixed well and incubated at 25''C for 20 min. The reaction was started 
by adding o.l ml of 8mM Pyrogallol solution. The contents were shaken 
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well and change in O.D per min was immediately recorded for 3 min at 420 
nm. A reference set, consisting of 0.05 ml of DDW instead of the sample 
solution. 
Estimation of Catalase (CAT) 
Catalase activity was assayed according to the method of Aebi (1984). 
Principle: It catalyzes the following reaction: 
Catalase 
2H2O2 • 2H2O+ O2 
In the UV range H2O2 shows a continual increase in absorption with 
decreasing wavelength and maximum at 240 nm. The decomposition of 
H2O2 can be followed directly by the decrease in extinction of 240 nm. 
Chemicals and Reagents: 1). 50mM Phosphate buffer (pH-7.0) 
2). 30 mM Hydrogen peroxide 
Procedure: Pipetted 3.0 ml of H2O2 phosphate buffer into the cuvette. The 
required amounts of tissue supernatant (cytosolic fraction) as enzyme source 
was added and the contents were mixed thoroughly. The decrease in 
absorbance at 240 nm was recorded after every 30 seconds for 3 minutes. 
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Enzyme unit: a unit activity defined as that catalysis the conversion of 
l^mole substrate in one minute under specific condition. Specific activity 
defined as the units of enzyme activity/ mg of protein. /^*^^^'^'~lP\^\ 
„ ^ . »>iAcc. t4« )-• 
Protein assay: \^^ 
^ ^ h-^, 
The protein content of the samples was determined bytiie memod of 
Specter (1978) using bovine serum albumin as standard: 
Measurement of total antioxidant power (FRAP) 
The ferric reducing ability of plasma, the FRAP assay, which 
estimates 'total antioxidant power' was measures as described by Benzie 
and strain (1996) with minor modification. Ferric to ferrous ion reduction 
at low pH results in the formation of a colored ferrous-tripyridal triazine 
complex. The assay was carried out in a total volume of 1.0 ml containing 
suitable aliquot of plasma in 0.1 ml and 900 ul of fi-eshly prepared FRAP 
reagent, prepared by mixing 10.0 ml of 22.78 mM sodium acetate buffer, 
pH 3.6, I.O ml of 20mM ferric chloride and 1.0 ml of lOmM 2,4,6-
tripyridyl-s- triazine solution prepared in 40mM HCl. Both FRAP reagent 
and plasma samples were preincubated for 5 min at 30 degree C and 
absorbance was recorded at 593nm against a reagent blank in a Beckman 
DU spectrophotometer. The 'total antioxidant power' (FRAP value) was 
calculated by utilizing a standard ferrous sulfate. 
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Statistical Analysis 
The data obtained were statistically analyzed by Student's 't' test and 'p' 
value of up to 0.05 was considered as significant. 
Light Microscopic studies 
Reagents 
(1) 10 %Neutral buffered formalin 
Neutral buffered formalin solution was made by mixing 100 ml of 40 
% formaldehyde and 900 ml of distilled water and then adding 4g of sodium 
dihydrogen phosphate monohydrate (NaH2P04.H20) and 6.5 g of anhydrous 
disodium hydrogen phosphate (Na2HP04) to the formaldehyde water 
mixture. It was used for light microscopy as one of the perfusates for 
fixation of the brain tissue. 
(2) Graded strengths of ethanol 
Various strengths of ethanol were prepared by diluting absolute 
ethanol with double distilled water. This was used for dehydration of tissue. 
(3) Mayer's egg albumin 
The egg white was taken in a measuring cylinder and mixed with an 
equal volume of pure glycerin. After a through mixing, a crystal of thymol 
was added to the solution, and the solution was kept in a glass stoppered 
bottle. It was stored in a refrigerator. 
56 
 
 
 
 
 
  
 
 
 
Processing of tissues for paraffin blocks: 
Part of the rat brain containing hippocampus already fixed by 'in 
vivo' perfusion method were thoroughly washed with distilled water, and 
gently transferred into sufficient quantity of 30 percent ethanol. The part 
was then processed through increasing strengths (50, 70, 80, 90, and 95 
percent) of ethanol by keeping them in each solution for an hour. 
Dehydration was completed by two changes of absolute ethanol, each of 30 
minutes duration. Dehydrated specimen were cleared in Xylene (2 to 3 
hours) and infiltrated with paraffin wax (56°C melting point). Two L-shaped 
brass moulds were put together on a glass plate in such a way that a brick 
shaped hollow was formed. The molten wax poured into it. Thereafter, with 
the help of forceps (warmed over a flame), the impregnated slices were 
quickly placed into the hollow already filled with molten wax. Tissue 
orientation was done immediately after placing a part inside the mould. 
Rapid cooling was done for solidification of wax. The paraffin blocks thus 
obtained were labeled and stored in a refiigerator till used for section 
cutting. 
Cutting of paraffin sections: 
The paraffin blocks were trimmed and attached to block holders. 
After adjustment, 10 to 12 ^m thick secfions were cut with a sharp knife on 
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a rotary microtome. The ribbons of sections were spread on a sheet of paper 
kept over a flat surface. 
Attachment of sections on glass slides: 
Small lengths of ribbons were cut by a sharp razor blade. They were 
lifted by a spatula and transferred to the water surface in a tissue floating 
bath, the temperature of which was always kept about 1-2°C below the 
melting point of wax used. The flattened sections were carefully lifted on 
clean glass slides smeared with a thin layer of egg albumin. The slides were 
kept overnight in a incubator adjusted between 40-45°C. The dried slides 
were used for staining. 
Staining method: Haematoxylin-Eosin staining 
Reagents 
(i) Harris's haematoxylin 
20g potassium alum was dissolved in 200ml warm distilled water in a 
one liter conical flask. l.Og haematoxylin was dissolved in 10ml ethanol and 
was added to the alum solution. The mixture was rapidly brought to the 
boiling point and 0.5g mercuric oxide was added. The stain was rapidly 
cooled by plunging the flask into cold water, or into a sink containing 
chipped ice, and than filtered. The stain was ready for use. 
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(ii) Alcoholic eosin (1.0 %) 
One gram eosin was dissolved in 100 ml ethanol and filtered through 
Whatman's No.2 paper and stored in an air-tight glass stoppered bottle. 
Staining procedure 
The sections were dewaxed with xylene and transferred to absolute 
ethanol. They were hydrated through graded ethanol to water. Thereafter, 
the sections were placed into haematoxylin for a suitable time (3-5 minutes), 
washed in running tap water and differentiated in 1.0 percent acid alcohol 
(1.0 % HCl in 70% alcohol). The sections were again washed in tap water 
until they became blue and then counterstained with alcoholic eosin (1.0%) 
solution, and washed in tap water (1-5 minutes). The sections were 
dehydrated through ethanol, cleared in xylene and mounted in DPX. 
Transmission Electron Microscopic studies 
Reagents: 
(i) Paraformaldehyde-glutaraldehyde fixiative (Karnovsky, 1965) 
Stock solutions 
(a) Paraformaldehyde Solution: Para formaldehyde (Analar grade) 4g was 
dissolved in 50 ml double distilled water by heating to 60°C with 
continuous stirring in a covered beaker to avoid evaporation. 1 N NaOH was 
added drop wise with stirring until the solution became clear. 1-5 drops 
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would be sufficient. Thereafter, the solution was cooled under running tap 
water. 
(b) Phosphate buffer (0.2 M, pH 7.4): Working solution: 0.2 M 
phoaphate buffer was prepared by adding 8.735g of sodium dihydrogen 
orthrophosphate to 280nil of double distilled water and 25.6g of sodium 
phosphate dibasic to 720ml of double distilled water both solution were 
mixed and its pH was adjusted to 7.4. 2.5% gluteraldehyde added at time of 
use. 
(ii) Buffered Osmium tetraoxide (2%) 
A percent solution of osmium tetraoxide was prepared by dissolving a 
1.0 g capsule of osmium tetra oxide in 25 ml of double distilled water. The 
capsule was broken carefiilly in a hood over a jar containing water. It was 
left overnight, and stored in a refrigerator. To obtain buffered osmium 
tetraoxide, 5 ml of this solution was mixed with 5 ml of 0.2 M phosphate 
buffer (pH 7.4). 
(iii) Plastic embedding media (Moolenhauver, 1964) 
(a) Stock mixture 
25 ml of Epon 812, 15 ml of Aradite and 3 ml of dibutyl phthalate (DBP) 
were mixed together and thoroughly shaken for proper mixing. 
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(b) working mixture 
Stock mixture 9 ml, dodecenyl succinic anhydride (DDSA) 11 ml and 
2, 4,6-tridimethyl-auriometthyl phenol (DMP-30) 30 drops were mixed 
together. The DB is called 'plasticizer' and it controls the hardness of the 
final block, DDSA, the 'hardner' and DMP-30, the 'accelerator'. 
(iv) Uranyl acetate (Watson, 1958) 
One gram uranyl acetate was mixed with 100 ml double distilled 
water in 250 ml conical flask. The mixture was shaken several times and 
was kept overnight for complete dissolution. It was then filtered through a 
filter paper and stored in a glass-stopered bottle in a refiigerator. 
(v) Lead citrate (Reynolds, 1963) 
1.33 g lead nitrate, 1.76 g sodium citrate and 30 ml double distilled 
water were placed in a 50 ml volumetric flask. These were shaken 
intermittently for 1 minute. After about 30 minutes 8 ml IN NaOH was 
added. The suspension was then diluted to 50 ml with double distilled water 
and mixed by inversion. The resultant solution had an average pH about 
12.0. 
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Procedure 
For transmission electron microscopy, the rats were per fused 'in-
vivo' by the perfusion solution. Brain was removed and immersed quickly 
in a Kamovsky's fixative (pH 7.4). The brain was dissected out for the 
desire part i.e. cerebral cortex and trimmed to small pieces of about 1 mm in 
thickness. The tissues were washed with the same fixative, with 2-3 quick 
changes, in order to wash out any adherent particles sticking on their outer 
surfaces. Small pieces of the tissue were separately kept in Kamovsky's 
fixative at 4°C for overnight. After this, were washed in 0.1 phosphate 
buffer (pH 7.4) for 1 hour and post fixed in buffered osmium tetraoxide for 
three hours. The osmicated samples were washed several times in double 
distilled water and dehydrated with graded strengths of ethanol according to 
the following schedule: 
30 percent ethanol lOmin. 
50 percent ethanol 15 min 
70 percent ethanol with uranyl acetate overnight 
90 percent ethanol 20 minute 
Absolute ethanol 45 min 
2: 1 absolute ethanol and acetone 1 hour 
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1:2 absolute ethanol and acetone 1 hour 
Pure acetone 1 hour (Two changes) 
Following dehydration, the pieces were embedded at room 
temperature (23±rC), in a working plastic mixture according to the 
following schedule: 
2:1 absolute acetone and plastic mixture 1 hour 
1:2 absolute acetone and plastic mixture 2 hours 
Pure plastic mixture 1 hour 
The tissue pieces were then transferred to fresh plastic mixture in a 
polythene trough, and kept overnight in an incubator at 60-7 0°C for curing 
and polymerization of plastic. The blocks became ready for section cutting 
after two days. 
Cutting of ultra thin section 
After trimming of the blocks, 1-2 i^m thick sections were cut on a 
LKB- ultra microtome using glass knives made with LKB-knife marker 
device. The sections were stained with toluidine blue solution and the 
features identified in an optical microscope. The desired specific areas were 
selected and final trimming of the blocks carried out. Operating the ultra-
microtome (automatic) fitted with knives mounted on a metallic board, ultra 
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thin sections (Silver grey colored) were obtained. The ribbons were spread 
by slowly moving a soft thin wooden bar, soaked in toluene for a few 
minutes, over them. When the wrinkles over the ribbon disappeared, it 
presented a smooth shining surface as viewed under the fluorescent lamp. 
Picking the ribbon of sections on uncoated copper grids 
The new copper grids (300 meshes) were first cleansed by immersing 
them in I N HCL for 3-4 minutes. They were thoroughly washed with 
double distilled water, thereafter; a few rinses in absolute ethanol were 
finally given. For picking up the ribbon, a clean copper grid was held with a 
fine forceps, and bent in a way so as to make an obtuse angle between it and 
the forceps. Kept in the same position, it was gently immersed in the water 
in the 'boat' and brought carefiiUy under the ribbon. The shinning surface of 
the grid was always kept facing upwards; one end of the grid was touched to 
an end of the ribbon, and with the help of an eye-lash, the entire ribbon was 
manipulated over the grid. The grid was then taken onto water with gradual 
tilting. Several rinses with clean double distilled water were given. Excess 
water was drained off by touching the grid on a surface of blotting paper 
piece. After drying, the grids were immediately stored in a grid box. 
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'On grid' staining of tlie ultra tliin sections 
1-2 drops of lead citrate were kept on a Para film M sheet. Due to 
hydrophobic nature of the sheet material the stain remained well organized. 
The copper grid was taken fi-om the grid box and keeping its shining surface 
(which had ribbon on it) facing down, was floated over the stain 'drop' and 
covered with a Petri dish. After 4-5 minutes, the grid was removed and 
washed carefully for a few minutes with double distilled water. The excess 
water was drained off, and the grid, after drying, was ready for examination 
under transmission electron microscope. 
Viewing sections under a transmission electron microscope 
The grid (with stained ribbons) was placed in the specimen holder, 
and inserted into the stage via the specimen airlock. The sections were 
examined under Philips 450 transmission electron microscope. After 
switching on the beam, a low scanning magnification was used to see most 
of the specimen. The regions of interest in the specimen were located, and 
moved to the centre of the screen. Appropriate magnifications were used 
and the photographs recorded. A check was made to ensure that the whole 
region to be photographed occupied the area of the plate format (marked on 
the viewing screen). Focusing was properly obtained, the image was 
checked to be stationery and the illumination made uniform, prior to 
exposure of film. 
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Golgi Techniques (Gibb and Kolb, 1998): 
Depending on the time duration and types of metallic salts used, the method 
is grouped in two categories: 
(a) Those leading to silver chromate deposits are called "Golgi methods" 
of these the method involving chromation of fresh tissue in the osmium 
mixture is called 'Rapid Golgi'. 
(b) The methods in which metallic mercury and complex oxides of 
mercury are deposited are called 'Golgi Cox' methods. There are so many 
variations of these methods. 
Principles of staining: 
Though the principles are still poorly understood, it is thought that the 
staining is due to the precipitation of micro-crystals of heavy metals, such as 
silver or mercury in combination with chromate in the cytoplasm of the cell 
within spaces delimited by lipoprotein membranes. The precipitate is an 
unstable lipoprotein-chromic-silver complex delimited by membranes of 
living system. Hence pH and metabolic state of nervous tissue at the time of 
fixation has important role to play. 
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Advantages: 
Fetal, adult, fresh and fixed all types of tissues can be stained by this 
technique. Neurons and glial both can be seen. It is useful for studying 
arborization and connectivity pattern of cellular elements. Study by this 
method is conductive to physiological interpretations and predictive to 
physiological consequences. Tissue processed for Golgi can also be used for 
electron microscope. 
Disadvantages: 
The technique is inconsistent. It gives nonselective staining for neurons. 
Procedure: 
In the present study we used fresh tissue for Golgi staining. 5-10 mm 
tissue block containing hippocampus was trimmed and kept for chromation 
in the solution containing 3.5% potassium dichromate in the refrigerator for 
15 days. The tissue block was kept in 0.5- 0.75% aqueous silver nitrate 
solution for a period of 1-4 days. The tissue block was dehydrated using 
ascending grade of alcohol (50, 70, 80, 90, 95 and 100% for half an hour 
each). Celloidin solutions of 2, 4, 6 and 8% strength were used for 
impregnation, each for 2 weeks followed by embedding using 8% celloidin 
and the tissue was kept in 70% alcohol. Sections (150-200 i^m thickness) 
were cut using sliding microtome. The sections were dehydrated using 
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ascending grade of alcohol (70, 80, 90, 95 and 100%). Xylene was used as 
clearing agent for 15 minutes. 
Sections were mounted in D.P.X. were studied using a binocular microscope 
(Nikon, ECLIPSE E 200). 
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RESULTS 
The sucrose preference test reveals that, when chronic and forced 
swim stress was given to rat, their preference was found to decrease for 
sucrose, while increase for water as compared to the control (Table 2, 
Fig.l 1). The differences between the values obtained on control and stressed 
rat during third week was found statistically significant (p < 0.05). 
The stressed rat shows differential state of anxiety over a period of 
three weeks. During all the period of study, the percent time spent by 
stressed rat in open zone was found to be decreased as compared to control. 
The differences between the time spent by stressed and unstressed rat in 
open zone was found significant only in third week (p < 0.05) (Table 3, 
Fig. 12). In contrast to open zone, the time spent by the stressed rat in close 
zone was found significantly more during T' and 3^*^  week after stress as 
compared to non-stressed rat (Table 3). The number and percent open arm 
entries of stressed rats in open arm decreases significantly (p < 0.05) during 
all the tested time as compared to control (Table 3). This shows that the 
chronic restraint and forced swim stresses produce profound effect on the 
behavior of rats. 
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Table. 2: Effect of stress (chronic restraint and forced swim) on the sucrose preference. 
Base line (0 day) 
1" Week 
2"" Week 
3"* Week 
Control 
Water 
Intake 
4.5±0.05 
4±0.08 
4.2±0.07 
4.1±0.08 
Sucrose 
Intake 
12.6±0.35 
14.0±0.40 
13.0±0.29 
13.5±0.32 
Stressed Group 
Water 
Intake 
4.3±0.04 
4.6±0.03 
4.3±0.05 
4.5±0.04 
Sucrose 
Intake 
12.0±0.16 
9.2±0.19* 
8.6±0.1 
7.5±0.12* 
n=12 
•Statistically significant difference (P<0.05) 
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Figure.ll: Effect of stress (restraint and forced swim) on the 
preference of sucrose and water drinking (in ml). 
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Table.3: Effect of stress (chronic restraint and forced swim) on the anxiety behavior. 
Parameters 
% Time in Open 
Zone(s) 
% Time in Closed 
Zone(s) 
Total Entries 
Closed Arm 
Open Arm 
% Open Arm 
Entries 
Control 
71.69±2.7 
24.26±3.3 
20.51±3.27 
8.84±1.01 
11.67±2.06 
56.89±3.6 
Stressed Group 
1'* Week 
33.76±1.7 
42.36±2.5 
16.34±2.85 
10.50±1.56 
5.84±1.1 
35.74±3.3 
2"^Week 
14.60±2.9 
61.60±1.9 
14.34±2.18 
11.72±0.76 
2.62±0.90 
18.27±2.0 
3'" Week 
13.46±1.6* 
76.37±2.6 
10.14±1.02 
8.07±0.40 
2.07±0.78 
20.41±2.02* 
n==12 
* Statistically significant difference (P<0.05). 
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Figure.l2: Effect of stress (restraint and forced swim) on the 
percentage time in open and closed zones. 
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The study on exploratory behavior of rat after giving chronic restraint 
and forced swim stress indicates that the time spent by stressed rat in 
periphery increases while the time spent in the centre decreases (Table 4, 
Fig. 13). 
The same stresses as described above also affect on learning process. 
The time taken by stressed rat to reach the target hole in Barnes maze test 
was much more than unstressed (control) rat (Table 5, Fig. 14). The value 
obtained on T* and 5* day was found significant (p < 0.05). The error to 
find out the target hole by the rat is presented in Table (6) and Fig. (15). It is 
evident fi-om the table and figure that stressed rat commit more errors than 
control rat to find the target hole. 
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Table. 4: Effect of stress (chronic restraint and forced swim) on the exploratory 
behavior. 
Parameters 
Time 
(in seconds) 
Time spent in 
Periphery 
Time spent in 
Center 
Control 
112.18±17.13 
180.0atl2.16 
Stressed group 
1'* week 
250.17±16.14 
49.23±12.16 
l"** week 
220.22±20.18 
78.23±12.16 
3''* week 
285.17±16.07* 
14.15±12.18* 
n=12 
•Statistically significant difference (P<0.05). 
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Figure.l3: Effect of stress (restraint and forced swim) on the 
exploratory behavior in the open field. 
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Table.5: Effect of stress (chronic restraint and forced swim) on the learning task (Barnes 
maze). 
Trial 
(in days) 
Dayl 
Day 2 
Day 3 
Day 4 
Days 
Control 
Latency (S) to reach the 
Target Hole 
166.67±6.58 
159.65±4.65 
135.34±3.36 
112.70±2.14 
58.92±1.14 
Stressed Group 
Latency (S) to reach the 
Target Hole 
230.20±8.89* 
202.00±6.78 
175.67±2.56 
136.50±2.85 
114.18±2.30* 
n = 1 2 
•Statistically significant difference (P<0.05) '<^ Axad~/ .-^  
J > / A c e N'l ) • " '< 
* Uni^et* 
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Figure.l4: Effect of stress (restraint and forced swim) on the 
learning task (Barnes maze). 
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Table.6: Effect of stress (chronic restraint and forced swim) on the learning task (Barnes 
maze). 
Trial 
(in days) 
Dayl 
Day 2 
Day 3 
Day 4 
Days 
Control 
Average of Number of 
Errors 
9.02±0.34 
7.42±0.40 
4.6U0.56 
3.21±0.34 
2.64±0.22 
Stressed Group 
Average of Number of Errors 
11.15±0.4* 
9.98±0.42 
8.78±0.32 
7.98±0.22 
7.31±0.26* 
n=12 
•Statistically significant difference (P<0.05) 
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Figure.15: Effect of stress (restraint and forced swim) on the errors 
of learning task (Barnes maze). 
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During the present study lipid peroxidation and various antioxidant 
enzymes were studied in the cerebral cortex of stressed and unstressed rats, 
and the results are presented in Table (7) and Figs (16-19). The 
malondialdehyde was found significantly higher in stressed rats in all the 
tested time (p < 0.05), (Fig. 16), However, reduced glutathione and the 
antioxidant enzymes (SOD, catalase) were significantly (p < 0.01) decreased 
in tested groups of rats than their respective control (Table 7, Figs. 17-19). 
The antioxidant capacity of plasma provides the cumulative index of all the 
antioxidants, present in extracellular environment rather than sum of the 
individual antioxidants, whose measurements may be time consuming and 
tedious. Therefore, total antioxidant capacity, as plasma ferric reducing 
power (FRAP) was estimated. Total antioxidant capacity was found less in 
stressed as compare to control rat (Fig.20). 
 
 
 
 
 
  
 
 
 
Table.7: Effect of stress (chronic restraint and forced swim) on the level 
of anti-oxidant parameters in cerebral cortex.. 
Anti-oxidant 
Parameters 
Malondialdehyd 
e 
(nmol/g tissue) 
Reduced 
glutathione 
(GSH) Oig/g 
tissue) 
Superoxide 
dismutase 
(Unit/mg 
Protein) 
Catalase 
(Unit/mg 
Protein) 
Control 
Group 
156.94±29.8 
3 
12.26±0.84 
13.82±0.04 
3.21±0.69 
1*' Weeic 
206.68±27.87 
* 
9.12±0.35** 
10.25±0.03** 
2.13±0.57** 
Stressed Group 
2"" Week 
377.85±40.03 
* 
8.24±0.28** 
8.69±0.04** 
1.92±0.69** 
3"" Weeli 
473.71±27.11 
* 
3.4±0.66** 
5.90±0.03** 
1.75±0.76** 
n-6 
*P<0.05;**P<0.01. 
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Figure.l6: Effect of stress (restraint and forced swim) on the level of 
lipid peroxidation in cerebral cortex of control and stressed 
rats. 
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Figure.17: Effect of stress (restraint and forced swim) on the level of 
reduced glutathione (GSH) in cerebral cortex of control and 
stressed rats. 
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Figure.18: Effect of stress (restraint and forced swim) on the level of 
SOD in cerebral cortex of control and stressed rats. 
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Figure.l9: Effect of stress (restraint and forced swim) on the level of 
catalase in cerebral cortex of control and stressed rats. 
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Figure.20: Effect of stress (restraint and forced swim) on the level 
of (FRAP) in plasma of control and stressed rats. 
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The histological changes in the hippocampus region of brain were 
also studied in stressed and unstressed rat. For this study wax embedded 
sections were used. It was observed in eosin, haematoxylin stained sections 
that dentate gyrus (DG) region of stressed animal has reduced number of 
granule cells. The hilum region of hippocampal lobe of a stressed rat was 
found narrow as compared to control (Plate-1. Figs.A, B). Further, 
apoptosis, vacuolation, decrease in Nissl substance, disorganization of 
granule cells were observed in the DG region of stressed rat (Plates 2, 3 and 
4, Figs. A, B). 
The histological observation in other regions of hippocampus reveal 
the loss of organized rearrangement of pyramidal cells and formation of 
vacuole in the Comu Ammons 3 (CA3). (Plate-5, Figs.A, B). In addition to 
this, loss of Nissl substance, irregular arrangement of pyramidal cells and 
appearance of vacuoles was found in the Comu Ammons 1 (CAl) as 
compared to control (Palte-6, Fig. A, B). 
Comu Ammons 3 (CA3) pyramidal cells dendritic process reveals the 
apical atrophy in stressed rat as compared to control (Plate-7, Fig. A, B). 
Furthermore, at ultrastrucmral level the cerebral cortex was studied by 
transmission electron microscopy. It was found that cerebral cortex neuropil 
of stressed rat show demyelination of axon and appearance of vacuole as 
compared to control (Plate-8-9, Figs. A, B). xhus the histological and 
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ultrastructural study reveal that the stresses in rats cause significant changes 
in hippocampus and cerebral cortex. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
PLATE 1 
Section of dentate gyms (DG) of control animal showing normal 
cellularity of granule cells {]) and cells in hilum is properly 
arranged (I). (XI00) 
Section of dentate gyrus (DG) of stressed (restraint & forced swim) 
animal showing reduced cellularity of granule cells (t) and 
narrowing of hilum (I). (XlOO) 
Both the sections were stained with haematoxylin and eosin. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
PLATE 2 
Section of dentate gyrus (DG) of control animal showing uniform 
compact cellularity (t) and uniform staining (•*•). (X400) 
Section of dentate gyrus (DG) of stressed (restraint & forced swim) 
animal showing breach in staining ( • ) , apoptosis (•*•) and vacuole in 
hilum(T). (X400) 
Both the sections were stained with haematoxylin and eosin. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
PLATE 3 
Section of dentate gyrus (DG) of control animal showing granule cells 
arranged in layers (-^), compact arrangement (T). (X400) 
Section of dentate gyrus (DG) of stressed (restraint & forced swim) 
animal showing thinning of granule cell layer (TT), decrease in Nissl 
substance ( • ) , appearance of vacuole (T). (X400) 
Both the sections were stained with haematoxylin and eosin. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
PLATE 4 
Section of dentate gyrus (DG) of control animal showing normal 
organization of granule (T) cells. (X400) 
Section of dentate gyrus (DG) of stressed (restraint & forced swim) 
animal showing loss of Nissl substance (-* )^, vacuolation (T), 
disorganization of granule cells. (X400) 
Both the sections were stained with haematoxylin and eosin. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
/ 
PLATE 5 
Section of comu ammons 3 (CA3) of control animal showing, compact 
arrangement ofcells as tier (T). (X400) 
Section of experimental comu ammons 3 (CA3) of stressed (restraint & 
forced swim) animal showing, vacuolation (T), loss of organized 
arrangement of pyramidal cells (TT). (X400) 
Both the sections were stained with haematoxylin and eosin. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
/ 
i 
^t 
PLATE 6 
Section of comu ammons 1 (CAl) of control animal showing arrange 
pyramidal cells (T) no vacuole and no loss of Nissl substance (TT). 
(X400) 
Section of comu ammons 1 (CAl) of stressed (restraint & forced swim) 
animal showing irregular arrangement of pyramidal cells, loss of Nissl 
substance (T) appearance of vacuoles (T T). (X400) 
Both the sections were stained with haematoxylin and eosin. 
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Fig. A 
r>^ 
Fig.B 
Figure A: 
Figure B: 
PLATE 7 
Section of comu amnions 3 (CA3) of control animal showing normal 
apical branches (T). (X400) 
Section of comu ammons 3 (CA3) of stressed (restraint & forced swim) 
animal showing atrophy in apical branches (T). 
(X400) 
Both the sections were stained with Golgi stain. 
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Fig. A 
Fig.B 
Figure A: 
Figure B: 
PLATE 8 
Electron micrograph of a part of the neuropil of the control rat cerebral 
cortex showing, myelinated axon (T), dendritic profile (T T). 
(X31, 500) 
Electron micrograph for stressed (restraint & forced swim) showing 
deformed myelinated fibre (T) and splitting of myelin sheath (T). 
(X31, 500) 
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Fig.B 
Figure A: 
Figure B: 
Fig. A 
W?^*'" 
PLATE 9 
Electron micrograph for control showing normal axonal and dendritic (t) 
processes in the neuropil of cortex and glial cell with characteristics 
nucleus (T) . (X 31,500) 
Electron micrograph for stressed (restraint & forced swim) showing 
edematous and vacuoled neuropil (TT), deformed myelin fiber with 
splitting of myelin sheath (T). (X 31,500) 
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DISCUSSION 
Today's fast paced life has burdened man with loads of stress. Stress 
plays a role in the etiology of anxiety and mood disorders. Anxiety and 
depression are common psychiatric illnesses often associated with stressful 
events. Severe forms of depression affects 2-5% of the US population and 
upto 20% suffer from milder forms of the illness. The death rate amongst 
patients is high, 15% commit suicide (Gold, 2002). According to an 
estimate direct and indirect cost of stress related disorders was US$ 70 
billion (Greenberg et al., 2003). The disease has repercussions on the life 
of caregivers and immediate society of the patient. 
Factors like genetic predisposition, gender, sex, age and socio 
economic status have a complex role in response to stress situations, thus 
making it difficult to understand. Because of their putative construct validity 
with respect to human mood disorders animal models are used in order to 
determine underlying mechanism and find pharmacological solutions. 
Recently, the interest in animal models that use psychological stressor has 
grown, as brain regions activated by this stress might differ from those 
activated by physical stress. Moreover, psychological stressors closely 
resemble to conditions that may lead to human pathology. 
The study described in this thesis was undertaken to understand the 
mechanism behind effects of combined physical and psychological stress 
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(restraint and forced swim) like anxiety and depression. The combined 
stress (RS and FS) was included in the study in appreciation of the fact that 
over last two decades, paradigm involving application of heterotypical 
stressors at irregular intervals have been reported to have biochemical and 
behavioral effects disparate than those observed with repeated stressors 
(Fitzgerald et «/., 1996; Haile et al., 2001; Lehmann et al., 1999). An 
attempt has also been made to study the implications of stress on cognition. 
For the present study mild chronic stress for 21 days comprising 
restraint stress (2 hours/day) and forced swim stress (5 min/day after RS) 
was administered. To ascertain RS and FS as the animal model of 
depression hedonic deficit studies were conducted as this is one of the two 
fundamental characteristic of depression (the other being depressed mood), 
and is common to all subtypes of disorder. Anhedonia defined as a decrease 
ability to experience pleasure, is a core symptom of human depression 
(Kassler et al., 1994). In the present study it was observed that exposure of 
rats to stress, reduced preference towards palatable sucrose solution. The 
data obtained support the view that stress by reducing the preference for 
sucrose solution alters the responsivity of the animal to rewarding stimulus 
producing an anhedonic like state. Anhedonia is considered a candidate 
behavioral end phenotype of depression (Anisman and Matheson, 2005). 
Major depression is characterised by either anhedonia or poor mood coupled 
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with additional symptoms related to weight changes (decrease or increase), 
sleep disturbance (insomnia or hypersomnia), psychomotor retardation or 
agitation, fatigue, feeling of worthlessness or guilt and diminished cognitive 
functioning (American Psychiatric Association, 1994). The result obtained 
by sucrose drinking test assert the RS+ FS as the model of depression and 
anxiety as after exposure to the said stress the subjects undergo a state of 
anhedonia. Our results are similar to earlier reports which demonstrate stress 
induced anhedonia in mice (Strelova et al., 2004). 
Stressed rats demonstrated decline in exploratory behavior in our 
study. The present result is in agreement to reports published earlier on 
exposure to chronic stress (Strelova et al., 2004). Two hours of either acute 
or repeated restraint stress induced an overall reduction in general activity in 
the open field and in the elevated plus maze (Guimaraes et al., 1993; 
Kennett et al., 1986). The loss of exploratory behavior is an indictor of loss 
of drive and motivation in stressed animal. 
In the elevated plus maze, increased aversion of open arms is an 
indication of enhanced anxiety. Our experimental results of combined stress 
on subjecting the animal to elevated plus maze, demonstrate reduced 
percentage number of entries and percent time spent in open arms. Our 
results are similar to earlier reports where reduction in number of percentage 
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entries and percent time in open arm was shown after ten days chronic 
restraint (Vyas et al., 2002). 
Barnes maze test was conducted to analyze the effect of combined 
stressor restraint and forces swim on learning of rats. The results 
demonstrate decline in cognitive ability as the rats show increased latency 
and commit more errors to reach the tunnel. The Barnes maze test is a key 
test conducted to study the effect of stress in learning and memory. 
Oxidative stress is an imbalance between production of free radicals 
and their removal. The generation of reactive oxygen species plays a critical 
role in pathophysiology of numerous disorders (Kloet et al., 2005, Pajovic 
et al.^ 2005). Brain tissue is particularly vulnerable to free radical attack 
because it utilizes 20% of total body oxygen and has limited antioxidant 
capacity. In our study, the increase in MDA was found in chronic stressed 
rat. The present findings are similar to those reported by Madrigal et al. 
(2001) and Gumsul et al. (2004). These authors demonstrated that the rate 
of lipid peroxidation (LPO) increase with the exposure of stress. An 
increase in rate of LPO leads to increase in free radicals, which in turn 
disrupt the cellular fiinctioning. In order to combat free radical stress brain 
is equipped with a set of endogenous enzymes, the most important of these 
are superoxide dismutase and catalase. Our results show a significantly 
lower activity of SOD and catalase in the brain of stressed rat. A decrease 
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in activity of these enzymes can lead to excess production of superoxide 
radical (02') and hydrogen peroxide (H2O2) in brain tissue which in turn 
generate hydroxyl radical (OH"), contributing further towards increased rate 
of LPO. The decreased level of SOD and catalase in cerebral cortex of 
stressed rats is in agreement with Zaidi and Banu (2004) and Gupta et al. 
(1991). Several clinical studies have also demonstrated decline in total 
antioxidant potential and individual antioxidant levels in patients of 
depression (Yanik et a/., 2004 Bilici et al., 2001). 
Reduced glutathione (GSH) is a major intracellular non-protein 
sulphydryl compound. It has many biological functions, including 
maintenance of membrane protein specially lipoprotein -SH group in 
reduced form. The oxidation of these proteins can alter cellular structure and 
function. GSH is formed from its oxidised form, GSSG by the enzyme 
glutathione reductase, using NADPH as cofactor. In the present study GSH 
level decreases in the cerebral cortex throughout the stressed time. Decrease 
in GSH content indicate, decrease in scavenging capacity of glutathione 
dependant antioxidant system in cerebral cortex of stressed rats. The 
decrease in GSH levels on exposure to stress is corroborated by previous 
report Zaidi, (2002), Gumsul et al. (2002). 
Non-enzymatic antioxidants are important regulators of reactive 
oxygen species (ROS) produced in extracellular milieu and represent the 
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first line of defense against them. In the present study extracellular total 
antioxidant capacity as plasma ferric reducing power (FRAP) decreased in 
rats subjected to chronic stress. Since, blood plasma is a rich source of 
antioxidant and plays a central role in redistribution antioxidant to various 
organs of the body (Serafani et al., 2000). Stressed induced increase in 
production of oxidant and depletion of antioxidant in a time dependant 
manner in our study can lead to overall oxidant-antioxidant imbalance in the 
animal body. 
Hippocampus and cerebral cortex are well studied areas of brain with 
wider role in emotion and memory. Recently hippocampal plasticity and 
survival mechanisms have become the focus of studies aimed at depression 
(Castren, 2004). Thus, sub-regions within the hippocampus viz., dentate 
gyrus CAl, CA2 and CA3 have attained importance. Remodeling of 
pyramidal cells dendtritic spines have earlier been demonstrate in 
hippocampus related cognitive performance (Silva, 2003). 
Apical atrophy of pyramidal cells in CAS region in stressed rats was 
seen using golgi technique indicative of disruption in communication 
channel to CAl. Electron microscopy further revealed demylenation of axon 
and appearance of vacuole in neropil of cerebral cortex in stressed animals. 
Similarly Gupta, (1992) has also demonstrated similar changes in structure 
of axons by electron microscopy by giving similar stress (restraint for 24hrs) 
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to rat. Since membrane functioning is associated with lipid constituents, 
therefore an increase in LPO product can be correlated with demyelination 
of axon. 
Many changes like loss of Nissl substance, thinning of lamina, 
disorganization of granule cell and apoptosis was observed in hippocampus 
region of stressed rat be correlated with the functional aspects of 
hippocampus i.e. learning and memory impairment in rats. 
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CONCLUSION 
The present study reveals that physical stress as induced by RS and 
psychological stress induced by FS has profound effect on mental state of 
the animals. Physical and psychological stress may precipitate in anxiety 
and depression as evidenced by anhedonia, open field test, poor 
performance in elevated plus maze and impairment of learning in Barnes 
maze test. It is proposed that the biochemical changes like decrease in total 
antioxidant capacity in plasma of stressed rats and decrement in levels of 
antioxidant enzymes like SOD, catalase and enzyme precursor glutathione 
besides elevation of malondialdehyde in cerebral cortex of stressed rats may 
have triggered a chain of events that may lead to histo-pathological changes 
in brain. 
Hippocampal sub-region DG, CAl and CA3 shows narrowing of 
hilum, bleach in staining, loss in Nissl substance, apoptosis, vacuolation and 
disorganization of granule and pyramidal cells and apical atrophy of 
dendritic branching. Ultrastructural study of cerebral cortex shows 
demyelination of axon in neropil of cortex and appearance of vacuole. Thus 
it could said that combined stressors leads to oxidative stress which 
contribute towards histo-pathological damage which ultimately leads to 
anxiety and depression, finally leading to cognitive decline. 
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